Polycyclic Aromatic Hydrocarbon (PAH) molecules have been long proposed to be a major carrier of 'Unidentified Infrared' (UIR) emission bands that have been observed ubiquitously in various astrophysical environments. These molecules can potentially be an efficient reservoir of deuterium. Once the infrared properties of the deuteriumcontaining PAHs are well understood both experimentally and theoretically, the interstellar UIR bands can be used as a valuable tool to infer the cause of the deuterium depletion in the ISM.
Introduction
Polycyclic Aromatic Hydrocarbon (PAH) molecules have long been recognized as carriers of the mid-infrared emission bands popularly known as Unidentified Infrared (UIR) emission bands, which are observed at 3. 3, 6.2, 7.7, 8.6, 11.2 and 12. 7 µm and longer wavelengths as broad emission features towards diverse astrophysical sources (Tielens, 2008) . After being discovered by Gillett et al. (1973) in the 8-13 µm range, these infrared (IR) bands have been observed towards numerous Galactic and extragalactic sources that vary in physical and chemical environments (Onaka et al., 1996; Mattila et al., 1996; Verstraete et al., 1996; Hony et al., 2001; Verstraete et al., 2001; Peeters et al., 2002; Abergel et al., 2002; Acke and van den Ancker, 2004; Sakon et al., 2004) . Increasing number of IR observations indicate that widespread, extremely stable interstellar particles are responsible for such features (Allamandola et al., 1989) . The search for the origin of these features began with the hypothesis of Duley and Williams (1981) that vibrations of chemical functional groups attached to small carbon grains might produce such features. Sellgren (1984) proposed transiently heated very small grains (size ∼ 10Å) to be the carriers. Later, Léger and Puget (1984) and Allamandola et al. (1985) independently suggested that the features arise due to the vibrational relaxation of PAH molecules on absorption of background UV photons, giving rise to infrared fluorescence. However, identification of the exact molecular form of PAH has not been successful so far. Recent discoveries of some weak features in the 3 − 20 µm range with the Short Wavelength Spectrometer (SWS) on board ISO point to the existence of an extended PAH family rather than a single form that may explain UIR features (Verstraete et al., 1996; Peeters et al., 2004) .
PAH molecules bear a significant fraction of interstellar carbon of about 5-10 % (Tielens, 2008) and take part in crucial chemical processes, including heating of the ISM through the photo-electric effect and in determining the charge balance inside molecular clouds (Lepp and Dalgarno, 1988; Verstraete et al., 1990; Bakes and Tielens, 1994; Peeters et al., 2004) . PAH molecules are also proposed to be potential carriers of 'Diffuse Interstellar Bands' (DIBs) that are absorption features on the interstellar extinction curve (Crawford et al., 1985; Léger and d'Hendecourt, 1985; Salama et al., 1996 Salama et al., , 2011 Cox et al., 2006; Pathak and Sarre, 2008) . The recent identification of two DIBs with C + 60 strongly supports the existence of large-sized PAHs in the ISM (Campbell et al., 2015; Ehrenfreund and Foing, 2015) . Berné et al. (2015) recently proposed the top-down formation of fullerene (C 60 ) by dehydrogenation of large PAHs using a photochemical model. In addition, a recent observation has proposed that some of the interstellar deuterium (D) exists in the form of PAD or D n −PAH; i.e. a PAH molecule with deuterium attached (Peeters et al., 2004) . PAHs are likely to accommodate some of the primordial D (Draine, 2006) which may explain the present lower value of D/H in the interstellar gas. Due to the potential astrophysical as well as environmental implications, extensive study on regular and substituted PAHs has been carried out both experimentally and theoretically (Langhoff, 1996; Hudgins and Sandford, 1998a,b; Allamandola et al., 1999; Oomens et al., 2003; Mattioda et al., 2005; Pathak and Sarre, 2008; Bauschlicher et al., 2010; Alvaro Galué et al., 2010; Simon et al., 2011) .
Current research on substituted PAHs suggests the presence of deuterated PAHs (PADs and D n PAHs) as possible carriers for some of the observed UIRs (Peeters et al., 2004; Draine, 2006; Onaka et al., 2014; Buragohain et al., 2015; Doney et al., 2016) . Such species are crucial as they show characteristic features in the 4 − 5 µm region which is a featureless region for other pure as well as known substituted PAHs. Along with deuterated PAHs, other forms of deuterium-containing PAH variants are equally important as they are expected to show similar features as that of deuterated PAH. In our latest report, (Buragohain et al., 2015) , a new form of deuterium-containing PAH molecule, i.e. deuteronated PAHs (DPAH + ) have been suggested as potential carriers for observed bands in the 4 − 5 µm region. Deuteronated PAH molecules of increasing size have been discussed in Buragohain et al. (2015) . In the present work, possible variants of deuterium-containing ovalene have been studied to determine the expected vibrational transitions and to compare with observational data.
Deuterium-containing PAH variants
A regular PAH molecule can be converted into a deuterated PAH by exchange of D from D 2 O ice with one of the peripheral hydrogens in PAH in presence of UV radiation (Sandford et al., 2000) . There are other formation mechanisms as discussed by Tielens (1983 Tielens ( , 1992 Tielens ( , 1997 and Allamandola et al. (1987 Allamandola et al. ( , 1989 . A deuterated PAH molecule may be converted into an alternative form of molecule e.g. deuteronated PAH (DPAH + , a PAH with a deuteron added to it) in the course of chemical reactions occurring in the ISM, through addition of D to PAH radical cations or low temperature ionmolecule reaction followed by deuterium fractionation (see Buragohain et al. (2015) for details). Spectral evidence of such species in the ISM has been discussed recently by Peeters et al. (2004) ; Onaka et al. (2014) ; Buragohain et al. (2015) . Peeters et al. (2004) reported two bands in the region of 4 − 5 µm associated with deuterated PAHs. The bands at 4.4 µm and 4.65 µm have been suggested to arise from the stretching of aromatic and aliphatic C−D bonds respectively in a deuterated PAH (PAD or D n PAH). These two bands are analogous to the 3.3 and 3.4 µm bands which are characteristics of aromatic and aliphatic C-H stretching, respectively. The idea has gained further support from an agreement of observed D/H ratio (Peeters et al., 2004) with the proposed value of D/H ratio by Draine (2006) . According to Draine (2006) , some of the primordial D atoms are incorporated into PAHs which may explain the current lower value of D/H in the interstellar gas compared with the primitive value of D/H. Draine (2006) proposed a D/H ratio of ∼ 0.3 for PAHs which agrees with the observations of Peeters et al. (2004) . AKARI observations (Onaka et al., 2014) tentatively detected the C − D band vibrations at 4.4 and 4.65 µm and give an upper limit for the D/H ratio. These observations favor a much lower D/H ratio and suggest that D is more likely to be accommodated in large PAHs.
Computational Approach
To assign carriers for the large set of observed UIR bands, comparison between observational, experimental and theoretical spectra of PAHs is of the utmost importance. However, experimental spectroscopy has limitations especially for large and complex PAHs for several reasons.Synthesis of large PAHs and reproducing interstellar conditions in the laboratory are the major constraints faced in experimental spectroscopy. Theoretical quantum chemical calculations provide the missing link. Density Functional Theory (DFT) is immensely valuable to study the vibrational properties of a large set of PAH candidate carriers in relation to UIR bands (DeFrees et al., 1993; Langhoff, 1996; Szczepanski et al., 1996; Langhoff et al., 1998; Hudgins et al., 2001 Hudgins et al., , 2004 Pathak and Rastogi, 2005 , 2006 Malloci et al., 2007 Malloci et al., , 2008 Pauzat et al., 2011; Klaerke et al., 2013; Candian et al., 2014; Roser et al., 2014; Buragohain et al., 2015) . In this work, a DFT combination of B3LYP/6-311G** has been used to Figure 1 : examples of deuterium-containing ovalene variants optimize the molecular structure of PAHs. Frequencies and intensities of vibrational transitions have been computed using the optimized geometry at the same level of calculation. The calculated intensities are used as input to an emission model (Cook and Saykally, 1998; Pech et al., 2002; Pathak and Rastogi, 2008 ). The emission model uses black body radiation generated by a source having effective temperature of 40,000 K. The PAH molecule absorbs this radiation following their respective absorption cross-section. The excited PAH attains a peak temperature and cools down following a cascade mechanism emitting IR photons corresponding to their vibrational modes. These IR photons are added up to generate the emission spectrum. Details of the emission model may be found in Pathak and Rastogi (2008) . The emitted energy and frequency thus obtained from emission model is used to plot a Gaussian profile of FWHM 30 cm −1 . The profile width is typical for PAHs emitting in interstellar environment and depends on vibrational redistribution of the molecule (Allamandola et al., 1989) . Considering the emission model with a lower black body effective temperature of say 30,000 K, we find no difference in the PAH emission spectrum except that the emitted energy is slightly reduced.
It is important to note that the theory overestimates the experimental frequency. To bring the frequencies into accordance with experimental values, theoretical frequencies are scaled down by using three different scaling factors for three different ranges of vibrational frequency. Scaling factors are calculated by comparing the frequencies of selected PAH molecules with available experimental data (Buragohain et al., 2015) . Scaling factors used here are 0.974 for C − H out of plane (OOP), 0.972 for C − H in-plane and C − C stretching and 0.965 for C − H stretching (Buragohain et al., 2015) . In case of deuterium-containing PAHs, since we do not have laboratory data for aliphatic deuterium-containing PAHs, a scaling factor of 0.965 corresponding to C − H stretching is used for C − D stretching. The shift in frequencies of aliphatic bonds needs experimental support and may have some uncertainty. Relative intensities (Int rel 1 ) are obtained by taking the ratio of all intensities to the maximum intensity near 3060 cm −1 for neutral ovalenes. Similarly, for cations, we divide all the intensities by maximum intensity that appears near 1600 cm −1 for normalization. Several unresolved bands might add up resulting some band intensity to cross unity.
A mid-sized PAH ovalene (C 32 H 14 ) is chosen for this work. Figure 1 shows the structure of various deuterium-containing ovalene variants. This work includes DFT study of i) Deuterated ovalene (aromatic), ii) Deuterated ovalene (aliphatic), iii) Deuterated ovalene cation iv) Deuteronated ovalene, v) Deuterated-Deuteronated ovalene. Isomers of all the sample molecules are also considered in this work. The data presented here were produced using the QChem quantum chemistry suite of programs (Shao et al., 2015) . The vibrational modes of the molecule are identified using graphical software available for computational chemistry packages.
Results and Discussion

Neutral and cationic Ovalene
These are pure ovalenes in neutral and ionized forms. The theoretically computed emission spectra of neutral ovalene (C 32 H 14 ) and cationic ovalene (C 32 H + 14 ) are presented in Figure 2 . Neutral ovalene shows strong lines at ∼ 800 − 900 cm −1 (∼ 13 − 11 µm) and ∼ 3050 cm −1 (∼ 3.3 µm) due to C − H oop and C − H stretching vibrational modes, respectively (Figure 2a) . Weak features at ∼ 1000 − 1600 cm −1 (∼ 10 − 6 µm) are characteristics of C − H in-plane bending and C − C stretching vibrational modes. These features are inherent for any form of neutral PAH molecules. Likewise, any form of cationic PAH molecule shows a greater number of features in the ∼ 1000 − 1600 cm −1 (∼ 10 − 6 µm) region as shown in Figure 2b . The region below ∼ 1000 cm −1 is attributed to C − H oop modes. Unlike neutral PAHs, all cationic PAHs show a weak feature at 3080 cm −1 , ∼ 3.3 µm due to C − H stretching vibrational modes. These are the standard features expected from any neutral and ionized PAH molecule. 
Deuterated Ovalene
A deuterium atom can attach to the periphery of a neutral PAH molecule either in an aromatic or aliphatic site that leads to the formation of a deuterated PAH molecule (PAD or D n PAH) (Peeters et al., 2004) . Figure 3 shows the emission spectra of deuterated ovalene, both aromatic 3 and aliphatic 4 (C 32 H 13 D and DC 32 H 14 ). Ovalene has four unique sites of deuteration which give four isomers of deuterated ovalene, both aromatic and aliphatic. In Figure 3 , the emission spectra of all the isomers of deuterated ovalene are also presented.
Both aromatic and aliphatic deuterated ovalene along with its isomers show usual features similar to those present in neutral ovalene. Substitution of D reduces the symmetry of ovalene that activates modes that were IR-inactive in neutral ovalene 3 D replacing H atom so that the resulting C − D bond remains aromatic in nature 4 addition of an extra D to neutral ovalene so that the resulting C − D bond remains aliphatic in nature (Mulas et al., 2003) . In deuterated ovalenes, weak C − D oop (∼ 600 − 700 cm −1 , ∼ 16 − 14 µm) and C − D in-plane modes (∼ 860 − 900 cm −1 , ∼ 11 µm) appear due to the presence of D in the structure. These modes are red shifted compared to analogous C − H modes due to the heavier deuterium. Figure 3 (a-d) are representatives of the same molecule, i.e. aromatic deuterated ovalene, but differ only in the position of D. In Figure 3 (a-d) , a unique feature appears at ∼ 2260 cm −1 , 4.4 µm 5 (Int rel(em) 0.13 6 ) which is characteristic of C−D stretching in C 32 H 13 D. This feature is analogous to the strong C − H stretching modes at ∼ 3.3 µm. In the case of DC 32 H 14 and its isomers, as shown in Figure 3 (e-h), addition of an extra deuterium atom does not affect the spectrum much except in the 4 − 5 µm region. Addition of deuterium to a neutral ovalene molecule breaks the aromatic nature at the site where D is added. Stretching of the C − D and C − H aliphatic bonds in DC 32 H 14 gives features at ∼ 2095 cm −1 , 4.8 µm (Int rel(em) 0.24) and 2880.31 cm −1 , 3.5 µm (Int rel(em) 0.36) respectively. Table 1 lists intensities and positions of C − D stretching transitions for all the deuterated ovalenes (both aromatic and aliphatic) along with its isomers. The positions and intensities of 4.4 µm (aromatic C−D stretching) and 4.7/4.8 µm (aliphatic C−D stretching) feature are partially affected by the position of D. There is a maximum wavenumber variation of 8 cm −1 for aromatic deuterated ovalene and 32 cm −1 for aliphatic deuterated ovalene. Similarly, Int rel(em) also varies among the isomers, however no uniform pattern is observed (Figure 3 ).
Deuterated Ovalene cation and Deuteronated Ovalene
All the isomers of cationic forms of deuterated ovalene (C 32 H 13 D + ) show more features compared to their neutral counterparts; particularly in the region ∼ 1000 − 1600 cm −1 , ∼ 10 − 6 µm as shown in Figure 4 (a-d). This region is characteristics of C − H in-plane and C − C stretching vibrational modes. This is similar to that of ovalene cation, C 32 H + 14 (Figure 2b ). The effect of deuterium is however not observed in this region. The region below ∼ 1000 cm −1 is attributed to C − H oop modes, which is again free from any significant D-associated modes. In Figure 4 Table 1 .
A new form of PAH candidate carrier of mid infrared emission bands; deuteronated PAH (DPAH + ) has recently been discussed by Buragohain et al. (2015) . Structurally, a deuteronated PAH is a PAH with a deuteron added to its periphery. Formation of these PAHs is favorable in the ionized ISM. Its closed shell electronic structure makes a deuteronated PAH molecule chemically less reactive than the corresponding PAH cation which is an open shell structure. However, photostability does not change 5 wavenumbers are averaged among the isomers of the same molecule 6 Relative intensity from emission model, average is taken for the same molecule including its isomers 
b). Several isomers for DovaleneD
+ are possible, though only two are randomly chosen. The structure of DovaleneD + is a combination of deuterated ovalene (aromatic) and deuteronated ovalene and shows similar characteristic vibrational modes that are present in deuterated ovalene (aromatic) and deuteronated ovalene. The spectrum ( Figure 5 ) is dominated by rich C − H in-plane and C − C stretching modes that appear in the ∼ 1000 − 1600 cm −1 , ∼ 10 − 6 µm region. C − H oop modes are comparatively weak and are distributed in the ∼ 600 − 900 cm −1 , ∼ 16 − 11 µm region. The presence of deuteriums in DovaleneD + causes new features to appear in the ∼ 600 − 1600 cm −1 , ∼ 16 − 6 µm region. The most significant features (above relative intensity 0.05) are C − D in-plane and D − C − H oop. The former is analogous to the C − H in-plane mode, but is redshifted due to the heavier mass of D and blended with the C − H oop modes. This feature appears at ∼ 860 cm −1 (11.6 µm, Int rel(em) 0.08) in DovaleneD + and at ∼ 850 cm −1 (11.8 µm, Int rel(em) 0.15) in its isomer. The latter (D − C − H oop) appears at ∼ 1212 cm −1 (8.3 µm, Int rel 0.42) in DovaleneD + and at ∼ 1200 cm −1 (8.3 µm, Int rel 0.66) in its isomer. These features are however not pure and are mixed with the C−H in-plane and the C−C stretching modes.
Pure contributions of D atoms in DovaleneD
+ are observed at ∼ 2133 cm −1 (4.7 µm, Int rel 0.005) and at ∼ 2269 cm −1 (4.4 µm, Int rel 0.01). These two features arise due to the stretching of aliphatic C − D and aromatic C − D bonds respectively and are extremely weak compared to C − C stretching modes. The stretching of the aliphatic C − H bond gives rise to a very weak feature at ∼ 2907 cm −1 (3.4 µm, Int rel 0.004). In the isomer counterpart (Figure 5b −1 is zoomed-in as shown in Figure 5 , to highlight the weak features at 4.7, 4.4 & 3.5 µm. As expected, another weak but distinct feature appears at ∼ 3080 cm −1 (3.3 µm) which is due to aromatic C − H stretching vibrational modes and is inherent in all cationic PAHs. DovaleneD + has a possibility of several isomers and a slight variation is present in the the aliphatic and aromatic C−D stretching bands depending on the position of substitution/addition of the D atom. This leads to the broadening of the C−D stretching band if contribution from all the isomers is considered. Figure 6 compares the spectra of deuterated ovalene cation and deuteronated ovalene with that of protonated ovalene (HC 32 H + 14 ). A protonated PAH is a PAH with a proton added to its periphery and is structurally identical to a deuteronated PAH. We have considered protonation only at one position and compared with respective counterparts of deuterated ovalene cation and deuteronated ovalene. The emission spectrum of protonated ovalene shows similar features that are present in deuteronated ovalene. An exception is the appearance of a weak feature at ∼ 2900 cm −1 (3.5 µm, Int rel 0.006) due to symmetric H-C-H stretching at the addition site. Its associated antisym- metric H-C-H stretching appears at ∼ 2915 cm −1 (3.4 µm) with very low relative intensity.
Astrophysical Implications
PAHs with incorporated deuterium might be crucial as it might provide an explanation for the missing primordial D which could not be solely answered by astration 7 . The current value of D/H has been estimated to be ∼ 7ppm to ∼ 22 ppm (Jenkins et al., 1999; Sonneborn et al., 2000; Wood et al., 2004; Linsky et al., 2006) along various lines of sight, whereas the primordial D/H ratio is suggested as ∼ 26 ppm (Moos et al., 2002; Steigman, 2003; Wood et al., 2004) . Draine (2006) has proposed that the problem of reduced D/H ratio can be explained if some of the primordial Ds are considered to be depleted in interstellar dust. Among all forms of interstellar dusts, some might be depleted onto PAHs which may produce a deuterated PAH molecule. Draine (2006) also proposed a D/H ratio of ∼ 0.3 in PAHs which is in accordance with the present estimated ratio of D/H in interstellar gas. For observational search of such deuterium or other deuterium-containing PAH variants in the ISM, spectral observations of these molecules are desired.
In this report, we have considered deuterium-containing PAH variants for theoretical spectroscopic study. All frequencies corresponding to D-associated modes in deuterium-containing PAHs may not be used to compare with observations due to their low intensity. Another important fact is that C − D in-plane and oop modes merge with other usual modes that are present in a pure PAH. Such features are inappropriate to distinguish any interstellar deuterium-containing PAH. An exception is the C − D stretching mode (4 − 5 µm) that uniquely may help to identify a PAH candidate with deuterium. The previous section emphasizes that all kinds of deuterium-containing PAH variants show unique features in the 4 − 5 µm region. This region has not been identified with any significant lines apart from the lines (4.4 µm and 4.7 µm) expected from deuterium-containing PAHs as seen in the emission spectra of PAHs. However, there is a possibility of overtones and combination bands occurring at a similar position (Allamandola et al., 1989) . Stretching of aromatic and aliphatic C − D bonds in a deuterium-containing PAH causes two features to appear at ∼ 4.4 µm and ∼ 4.7 µm respectively. Table 1 describes the position and intensities of the corresponding C − D stretching modes in our sample molecules. The intensity of these features depends on the percentage of deuteration and also on the position of D in the isomers. The same features (4 − 5 µm region) have been observationally detected by Peeters et al. (2004) at ∼ 4.4 µm and ∼ 4.65 µm towards the Orion bar and M17. The observed features are assigned to C − D stretching vibrational modes in PADs or D n PAHs. AKARI also observed a small area of overlapping region as that of Peeters et al. (2004) , and only detected some excess emissions at these wavelengths (Onaka et al., 2014) . Bands at ∼ 4.4 µm and ∼ 4.65 µm are analogous to bands at ∼ 3.3 µm (aromatic C − H stretching) and ∼ 3.5 µm (aliphatic C−H stretching) respectively. The 4−5 µm region 7 conversion of D into other heavy elements due to nuclear fusion in stellar interiors is pure in D characteristic vibrational modes and may be used to determine the D/H ratio. Both the observations made by ISO and AKARI (Peeters et al., 2004; Onaka et al., 2014) estimated a D/H ratio by taking the ratio of band intensities at ∼ 4 − 5 µm to ∼ 3 − 4 µm. Peeters et al. (2004) proposed D/H ratios of 0.17±0.03 in the Orion bar and 0.36±0.08 in M17. Onaka et al. (2014) suggested a comparatively low value of D/H (0.03) and proposed low deuteration limited to large PAHs. It is implicitly assumed that a molecule can have more than one D (Peeters et al., 2004; Onaka et al., 2014) . Thus, emission per C − D bond was considered in observations (Peeters et al., 2004; Onaka et al., 2014) . This work proposes a [D/H] int that is calculated by taking the ratio of integrated band intensities due to C − D stretching to that of C − H stretching from the emission model. Deuterated ovalene, deuterated ovalene cation and deuteronated ovalene carry only one D atom, whereas DovaleneD + has two D atoms. (Buragohain et al., 2015) . Table 3 (Buragohain et al., 2015) and the present report suggest a [D/H] sc ratio ( Table 3) that is large compared to the Peeters et al. (2004) and Onaka et al. (2014) (Figure 7) . For a particular molecule, addition of more than one deuterium may or may not lead to an increase in the [D/H] sc ratio. [D/H] sc ratios for deuteronated ovalene and deuteronated circumcoronene are in close proximity to the D/H ratio observed by Peeters et al. (2004) and hence may be considered as feasible carriers for bands at 4 − 5 µm. [D/H] sc ratios suggested by our work do not match with AKARI observation. It is suggested that PAH molecules close to 100 carbon atoms may match the observed D/H ratio by AKARI. Doney et al. (2016) observed H II regions in the Milky Way in near infrared in order to estimate the amount of deuterium in PAHs. They did not detect emission from deuterated PAHs towards all the sources and concluded that the deuteration of PAHs is not common. Doney et al. (2016) calculated emission spectrum for molecule with aliphatic group attached to the PAH structure and calculated a D/H ratio in the range of 0.01−0.06 by taking the intensity ratio of 3.3 and 4.75 µm band. Our approach is different from Doney et al. (2016) and the [D/H] int ratio is calculated by taking the ratio of integrated band intensities of both aromatic and aliphatic C − D stretching to integrated band intensities of both aromatic and aliphatic C − H stretching for our sample molecules. The calculated [D/H] int in our work for solo deuteration is in the range of 0.04-0.17. The molecules with an aliphatic side group however are feasible only in benign environments and may be destroyed in a harsh interstellar environment such as fully evolved planetary nebulae or H II regions (Bernstein et al., 1996) .
Conclusion
Deuterium-containing PAH variants have been studied theoretically in relation to mid-infrared emission bands. This report suggests PAH molecules with deuterium content as potential candidate carriers for some of the observed UIR features in the ISM on basis of the band positions. PAHs with a D or D + give features in the 4 − 5 µm region which arises purely due to the stretching of the C − D bond and hence may be considered responsible for observed bands at 4.4 µm and 4.65 µm. To gain further support, the [D/H] sc ratio for ovalene with D is estimated. On comparing this ratio from the present and previous reports with observations, it is realized that deuteronated ovalene and deuteronated circumcoronene agree with the observations of Peeters et al. (2004) . AKARI observations propose comparatively large PAHs (no. of C atoms ∼ 100) with low deuterium content. PAHs with a suitable [D/H] sc may be arranged accordingly for much more expensive laboratory experiments which are of utmost importance for assignment of carriers. The study of deuterium-containing PAHs is essential in order to measure D/H that will give insight into the history of star formation. This study can further be progressed to estimate HD/H 2 ratio in interstellar gas. For reliable analysis, more experimental and observational evidence of interstellar deuterium is needed.
